IL-27 inhibits CTL cytotoxicity toward autologous platelets via decreasing granzyme B expression in ITP.
Introduction
Primary immune thrombocytopenia (ITP) is an autoimmune disorder characterized by low platelet counts and an increased risk of bleeding.
1 Cytotoxic T-lymphocyte-mediated (CTL-mediated) platelet destruction [2] [3] [4] [5] and disturbed cytokine profiles 6, 7 play important roles in the pathogenesis of ITP. Interleukin 27 (IL-27), a cytokine with both pro-inflammatory and anti-inflammatory effects, plays pleiotropic roles in immunomodulation. 8 Recent studies have demonstrated that IL-27 could suppress inflammatory responses in T cell differentiation and in autoimmune diseases, such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). [9] [10] [11] Our previous studies reported that the expression of IL-27 was decreased and CTL-mediated platelet destruction was increased in patients with ITP. 12, 13 The effect of IL-27
on CTL cytotoxicity toward autologous platelets in ITP has not been reported, although was shown to augment the number and function of CTLs in patients with tumors, 14 unlike in patients with autoimmune diseases. In the present study, we cultured platelets from ITP patients with autologous CTLs in the presence of IL-27, and found that IL-27 could inhibit CTL cytotoxicity toward autologous platelets by decreasing granzyme B expression, which was associated with reduced T-bet expression, potentially providing a novel therapeutic target for the management of ITP.
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Methods
Thirty-eight ITP patients with active disease and twelve healthy volunteers were enrolled in this study between April 2013 and July 2014 in the Department of Hematology, Qilu Hospital, Shandong University.
Platelets were cultured with autologous CTLs for 4 hours. Then the supernatants and cells were harvested. Platelet apoptosis, the expression of granzyme A, granzyme B, perforin, T-bet and eomesodermin (Eomes) were analyzed.
The experimental protocol and patients' information were described in detail in the supplemental data.
Results and discussion
Despite the lack of solid in vivo data up to now, 15 several in vitro studies have provided evidence that T cell-mediated platelet destruction might be an important mechanism of thrombocytopenia in some patients with ITP. [2] [3] [4] [5] 13, 16 In this study, the normal range of CTL-induced platelet apoptosis was established from the mean ± 2 SD of results in healthy controls. The patients with CTL-induced platelet apoptosis higher than the upper limit of normal range were assigned to the cytotoxic group (23 patients), otherwise to the non-cytotoxic group (15 patients) ( Figure 1 ). There was no difference between these two groups in the percentage of patients with a detectable platelet-specific autoantibody ( Table   S1 ), suggesting that both CTLs and platelet-specific autoantibodies might be involved in platelet destruction in the same patient. These results further confirm the pathogenic diversity of ITP.
17
IL-27 has been shown to alleviate autoimmune diseases by decreasing inflammatory factors. 10, 11, 18 In this study, we evaluated the effect of IL-27 on CTL cytotoxicity toward autologous platelets in ITP. In the cytotoxic group, there was no difference in the apoptosis of platelets cultured alone or with IL-27, however, the apoptosis of platelets cultured with CTLs plus IL-27 was significantly lower than that of platelets cultured with CTLs ( Figure 2A ).
When IL-27 was added, the apoptosis of platelets cultured with CTLs returned nearly to the level of the control platelets (spontaneous platelet apoptosis), indicating that IL-27 could significantly inhibit CTL cytotoxicity toward platelets. In the non-cytotoxic group and healthy controls with no obviously increased CTL cytotoxicity, IL-27 had no effect on CTLs. These Perforin/granzyme-induced apoptosis is the main pathway used by CTLs. Increased
For personal use only. on October 4, 2017. by guest www.bloodjournal.org From granzymes and perforin were found in patients with ITP and diabetes. 20, 21 In the present study, the supernatant concentrations and mRNA expression of granzyme A, granzyme B and perforin were measured. Consistent with our previous study, 16 granzyme B and perforin were increased in the cytotoxic group compared with healthy controls. When IL-27 was added, a significant reduction in granzyme B expression was observed in the cytotoxic group, whereas no difference was observed in granzyme A or perforin ( Figure 2B , C). There were no significant differences in granzyme A, granzyme B or perforin expression in the presence or absence of IL-27 in the non-cytotoxic group and healthy controls. To further investigate the role of granzyme B in CTL-mediated platelet apoptosis in ITP, granzyme B inhibition analysis was performed in 14 patients (9 in the cytotoxic group and 5 in the non-cytotoxic group, Table   S1 ) by the application of a granzyme B inhibitor Z-AAD-CMK. Z-AAD-CMK significantly inhibited CTL-mediated platelet apoptosis in the 9 patients of the cytotoxic group ( Figure 2D , E). However, there was no difference in the apoptosis of platelets cultured alone or with Z-AAD-CMK ( Figure 2D ). In addition, Z-AAD-CMK had no effect in the 5 patients of the non-cytotoxic group. Our results revealed that CTL-mediated platelet apoptosis in ITP was dependent on granzyme B activity and the inhibitory effect of IL-27 on CTL cytotoxicity was directly related to the reduction of granzyme B expression. 0.0169 ± 0.0066 and 0.0156 ± 0.0058, P < 0.01, respectively). In the cytotoxic group, the mRNA expression of T-bet was significantly decreased after IL-27 intervention, however, Eomes was unchanged ( Figure 2E ). This is in line with the fact that T-bet is essential for the development of CTL-dependent autoimmune diabetes, 24 and T-bet is required for the induction of perforin and granzyme B in CTLs.
25
Taken together, we demonstrated that IL-27 could inhibit CTL cytotoxicity toward autologous platelets in ITP by decreasing granzyme B expression. The novel discovery of the inhibitory effect of IL-27 on CTL activity in ITP may be beneficial for some ITP patients. CTL-induced platelet apoptosis in the cytotoxic group (23 patients) was significantly higher than that of healthy controls (3.32% ± 1.38% vs. 0.27% ± 0.43%, P < 0.01), whereas that in the non-cytotoxic group (15 patients) was not different from healthy controls (0.14% ± 0.38% vs. 0.27% ± 0.43%, P = 0.23).
* P < 0.01. patients of the cytotoxic group. The apoptosis of platelets cultured with CTLs were significantly higher than that of platelets cultured alone (9.38% ± 1.89% vs. 5.59% ± 1.46%, P < 0.01), however, after the addition of granzyme B inhibitor Z-AAD-CMK, the apoptosis decreased (5.67% ± 1.41% vs. 9.38% ± 1.89%, P < 0.01) and returned to the level of 1 1 spontaneous platelet apoptosis (5.67% ± 1.41% vs. 5.59% ± 1.46%, P = 0.55). (F) In the cytotoxic group (n = 23), the mRNA expression of T-bet in CTLs was significantly decreased after the addition of IL-27 (0.0133 ± 0.0042 vs. 0.0366 ± 0.0098, P < 0.01), whereas Eomes was unchanged (0.0267 ± 0.0102 vs. 0.0287 ± 0.0104, P = 0.56). * P < 0.01.
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